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FRANCIS RUNNER AND HYDRAULIC TURBINE EQUIPPED WITH 

SUCH A RUNNER 
The invention relates to a Francis runner and to a turbine equipped with 
such a runner. 

Francis runners may equip different sorts of hydraulic machines, such as 
turbines, pumps, or pump turbines. They comprise blades distributed about a 
central rotating shaft and which define therebetween channels for flow of water. 
In the case of turbines, the geometry of the blades of these runners is defined so 
that the flow of the water induces a torque on the runner. The power that a 
turbine equipped with such a runner can deliver depends on its geometry, 
particularly on its diameter, in connection with its speed of rotation. 

In certain configurations of a Francis hydraulic machine, the diameter of 
the runner is imposed, particularly in the case of rehabilitation of an installation 
where the diameter cannot be modified without considerable civil engineering 
works. 

In the case of a conventional Francis turbine, shown partially in plan view 
and with parts tom away in Figure 1, the speed V of injection of the water is 
broken down into a linear speed U of the leading edge B of a turbine blade A 
and a relative speed W of the jet of water with respect to the blade A. Under 
these conditions, it is usual to design a Francis turbine runner so that the average 
fibre M of each blade is oriented along a straight line A making an angle a less 
than 90° with respect to the linear speed of advance U of its leading edge B. 
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There have been envisaged, in the Article "Why not make the turbines 
cavitation free" by Mr. Brekke (Proceedings of International Conference on 
Hydropower Vol. 3, 1997), different orientations for the leading edge of the 
blades of a Francis turbine runner. 

However, particularly in the case of rehabilitation, the conditions of use 
of the turbine may be modified, particularly by reduction of the speed of rotation 
and/or increase of the pressure head, in which case the orientation of the leading 
edge of the blades is no longer compatible with the angle of incidence of the jet 
of water. In that case, eddies and/or phenomena of cavitation are created in the 
proximity of the pressure side and suction side surfaces of the blades, this 
reducing the efficiency of the hydraulic machine and promoting the phenomena 
of wear and tear. 

It is a particular object of the invention to overcome these drawbacks by 
proposing a novel Francis runner able to function satisfactorily under the new 
conditions of use defined. 

In this spirit, the invention relates to a Francis mnner which comprises a 
crown, a band and blades, extending between this crown and this band, these 
blades defining liquid flow channels therebetween. This runner is characterized 
in that the ratio of the maximum thickness of each blade to the average 
developed length of the average fibre thereof is included between 0.1 and 0.2, 
while, at the level of the leading edge of this blade, the average fibre is oriented, 
over essentially the entire height of the leading edge, along a straight line which 
forms an angle (a) greater than 90° in relation to the linear speed of advance of 
the leading edge of the blade in the direction of rotation of the runner. 
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Thanks to the invention, the combination of the particular orientation of 
the leading edge and of the maximum thickness of the blades allows functioning 
without creating detrimental eddies or phenomena of cavitation. 

According to other advantageous aspects of the invention, this runner 
incorporates one or more of the following characteristics: 
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- The aforementioned ratio is greater than 0.13 and, preferably greater 
than 0.15. 

- The average angle between the linear speed of advance of a blade at the 
level of its leading edge and the average fibre of this blade at the level of this 
edge is included between 110^ and 140°. 

- Each blade is formed by a skin constituting its lateral faces and defining 
a hollow intemal volume of the blade. Such a structure makes it possible to 
envisage the creation of relatively thick blades without their mass being too 
great and without the cost price of material being too high. In that case, the skin 
may be metallic or made of composite material. It may also be provided that the 
skin be formed by assembling two plates respectively constituting the pressure 
side and the suction side surface of the blade. According to an advantageous 
aspect, the intemal volume of the blade may be lined with a filling material. 

The invention also relates to a Francis hydraulic turbine which comprises 
a runner such as described hereinabove. 

The invention will be more readily understood and other advantages 
thereof will appear more clearly in the light of the following description of a 
form of embodiment of a Francis turbine runner in accordance with its principle, 
given solely by way of example and made with reference to the accompanying 
drawings, in which: 

Figure 2 is a view in perspective and with parts tom away, of a Francis 
turbine runner according to the invention. 

Figure 3 is a view similar to Figure 1 for the turbine of Figure 2 and 
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Figure 4 is a principle transverse section, on a larger scale, of a blade of 
the runner of Figures 2 and 3. 

The runner 1 shown in Figures 2 to 4 comprises identical blades 2 
distributed about a central axis X-X* of rotation of the runner 1 . A crown 3 is 
provided in the upper part of the runner 1, while a band 4 borders the lower, 
radial and external part of the blades 2. A flow channel 5 is thus defined 
between each pair of two adjacent blades 2, this channel being bordered by the 
crown 3 and the band 4. 

21 denotes the leading edge of a blade 2. 22 denotes its trailing edge. The 
average fibre 23 of the blade 2 is defined as being, in each transverse plane of 
this blade, a curve located at equal distance from the pressure side surface 24 
and from the suction side surface 25 of the blade 2. 

L denotes the average length of this fibre 23, this average being taken as 
equal to the half-sum of the length of the average fibre of a blade 2 at the level 
of the crown 3 and at the level of the band 4. 

e denotes the maximum thickness of the blade 2. 

The geometry of the blade 2 is chosen so that the ratio e/L is included 
between 0.1 and 0.2, i.e. that e represents between 10 and 20% of L. 

Conclusive tests have been conducted with values of e/L included 
between 0. 13 and 0. 18. In particular, a runner with a ratio e/L equal to about 
0.16 functions very satisfactorily. 

In addition, the geometry of the blade 2 is such that, in the vicinity of the 
leading edge 2 1 , the neutral fibre 23 extends along a straight line A23 making an 
angle a greater than 90^ with respect to the linear speed of advance U of the 
leading edge 21. 
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The angle a has an average value over the height of the edge 21 included 
between 1 lO"" and 140'', preferably with a maximum value less than 150°. 
The configuration shown in Figure 3 is that which prevails over 
5 essentially the entire height of the leading edge 21 between its point of 
attachment on the crown 3 and its point of attachment 214 on the band 4, 

In other words, at the level of the leading edge 21, the average fibre 23 
oriented from the trailing edge 22 towards the leading edge 21 extends in the 
direction of the straight line A23 which, with respect to a radius R21 of the runner 
10 1 passing through the leading edge 21, is opposite the linear speed U of advance 
of the edge 2L In Figure 3, one passes therefore firom the radius R21 to the 
straight line A23 by a rotation R in the inverse trigononietric direction. If the 
runner rotates in inverse direction, i.e. in the inverse trigonometric direction, the 
aforementioned geometrical distribution is inverted. Thus, with an incident 
15 speed V of the water jet similar to that envisaged for the turbine of the prior art 
and while this jet is oriented in the same direction, there may be obtained, with a 
relatively low linear speed U of the edge 21a direction of incidence of the water 
jet on the leading edge 21 aligned with the straight line A23, as figured by arrow 
W which represents, in Figure 3, the speed of the incident jet in the referential 
20 system of the leading edge. 

The relatively great thickness e of the blade 2 is such that, on its pressure 
side surface 24, there is little risk of creation of eddies. 

As shown in Figure 4, and taking into account its relatively great 
thickness e, a blade 2 is made with a metallic skin 26 surrounding a hollow 
25 volume V2, this allowing an appreciable saving in weight and matter with 
respect to the case of the blade 2 being provided 
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to be in one piece and solid. The skin 26 is formed by welding two sheet metal 
plates 26i and 262 at the level of two welding zones 27 1 and 272- 

In a variant, plates of composite matter, comprising a fibre-reinforced 
organic resin, may be used to constitute the skin 26. 
5 In order to give the blade 2 a good dimensional stability, the volume V2 

may be filled with a mass 28 of filling material, for example foam of plastics 
material. 



